® 



J 



Europslisches Patentamt 
European Patent Offlce 
Office europeen des brevets 



(13) Publication number: 



0 407 353 A2 



® 



EUROPEAN PATENT APPLICATION 



® Application numben 90830089^ 
(§) Date of filing: 16.02.90 



® Int CI.6: F25B 39/00, F28D 1/047 



® Priority: 05.07.89 US 376593 


® Applicant: SIGNET SYSTEMS, INC. 


@ Date of publication of application: 


Tapp Road, 


Harrodsburg, Kentucky 40330(US) 


09.01.91 Bulletin 91/02 


@ Inventor: Bartlett, IVIatthew T. 




<S) Designated Contracting States: 


1088 Spring Run Road 


AT DE £S FR GB IT SE 


Lexington, Kentucicy 0451 4(US) 




@ Representative: IVIassari, AAarcelio 




Studio M. l\Aassari S.r.L 23, Via Fontanella 




Borgiiese 




1-00186 Roma(IT) 



CO 

in 
to 

rs 



Q. 
LU 



0 Multiple tube diameter heat exchanger circuit 

© A heat exchanger assembly comprises a pair of 
header members and a plurality of heat transfer 
tubes passing between the headers members. The 
heat transfer tubes are adapted to transfer heat 
between fins on the exterior of the tubes and a 
working fluid in liquid or gaseous phase within the 
tubee. A pressure drop minimizing tube passes be* 
tween the headers and has a cross sectional area 
significantly larger than the heat transfer tubes. The 
pressure drop minimizing tube is adapted to carry 
the woricing fluid in a gaseous pfiase either as an 
inlet, when the heat transfer assembly Is utilized as a 
condenser, or as an outlet, when the heat transfer 
assembly is utilized as an evaporator. A member 
connects the pressure drop minimizing tube at one 
end to at least two of the heat transfer tubes for 
condensation to a liquid, when the assembly is uti- 
lized as a condenser, or transferring gaseous worl<- 
ing fluid from the heat transfer tubes to the pressure 
drop minimizing tubes, when the assembly is utilized 
as an evaporator- A plurality of header tubes connect 
the heat transfer tubes to one another to carry the 
working fluid through the assembly. The pressure 
drop minimizing tube Is preferably within the heat 
transfer tube array and within the fin pattern imposed 
on the heat transfer tubes. 
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MULTIPLE TUBE DIAMETER HEAT EXCHANGER CIRCUIT 



Background of the Invention 



This invention relates to heat exchangers and, 
in particular to a heat exchanger assembly adapted 
for automotive or other air conditioning evaporators 
or condensers and which utilizes tubes of more 
than one diameter within the body of the heat 
exchanger heat transfer surface. 

Where a heat exchanger utilizes a worldng fluid 
which exists in both the gaseous and liquid phase, 
heat transfer performance can be limited by exces- 
sive working fluid pressure drop in those areas 
where the gaseous phase working fluid Is found. In 
a heat exchanger which operates as a condenser, 
this problem of pressure drop occurs in the inlet 
section; in a heat exchanger which operates as an 
evaporator, it is found in the outlet section. 

In a condenser-type heat exchanger, pressure 
drop that occurs in the inlet section reduces the 
saturation temperature by an amount proportional 
to the pressure drop. This has the effect of reduc- 
ing the temperature potential driving the exchange 
of heat from the Internal fluid to the second working 
fluid (e.g., air) passing over the outside of the 
primary and secondary surfaces. In typical applica- 
tions, these surfaces are the tubes and associated 
fins through which the working fluid passes. Efforts 
which have been employed to reduce pressure 
drop Include multiple inlet feeds and manifold as- 
semblies, which add cost and complexity and re- 
duce the overall assembly reliability by virtue of 
increasing the number of variiabies in the produc- 
tion process. 

In an evaporator-type heat exchanger, exces- 
sive pressure drops in the intemal fluid path on the 
outlet side have a similar consequence, i.e., reduc- 
tion In the temperature potential available to absorb 
heat from the air stream passing over the exterior 
of the heat exchanger tubes and fins. 

Furthermore, use of heat exchangers In auto- 
motive (including truck and other motor vehicles) 
applications, such as air conditioning systems, re- 
quires that such units be compact, low in weight 
and highly efficient in order to meet the increas- 
ingly restrictive specifications In modem motor ve- 
hicle technology. 

Bearing in mind the problems and deficiencies 
of the prior art, it is therefore an object of the 
present invention to provide a heat exchanger as- 
sembly which minimizes the pressure drop asso- 
ciated with a dual phase working flukJ in the gas- 
eous phase. 

It is another object of the present invention to 
provide a solution to the aforementioned problem 



of gaseous fluid pressure drop which can be uti- 
lized in both evaporators and condensers. 

It is a further object of the present invention to 
provide a heat exchanger which meets the afore- 

5 mentioned objects and which is compact In con- 
figuration, low in weight and does not introduce 
unnecessary complexities in manufacturing. 

It is yet another object of the present invention 
fo provide a heat exchanger assembly which minl- 

10 mizes gaseous phase pressure drop of a dual 
phase working fluid which Is especially suitable for 
use In automotive and other Industrial, commercial 
or residential applications. 

It is a further object of the present invention to 

16 provide a heat exchanger which may be utilized in 
various applications and which provides higher effi- 
ciencies over conventional industrial, commercial, 
residential or automotive type heat exchangers. 

20 

Summary of the Invention 



The above and other objects, which will be 

25 apparent to those skilled in the art, are achieved in 
the present invention which provides a heat ex- 
changer assembly comprising a pair of header 
menribers and a plurality of heat-transfer tubes 
passing between the headers members. The heat 

30 transfer tubes are adapted to transfer .he^t between 
fins on the exterior of said tubes and a working 
fluid in liquid or gaseous phases within the tubes. A 
gas pressure drop minimizing tube passes between 
the headers through the working portion of the heat 

35 exchanger and has a cross sectional area signifi- 
cantly larger than the other heat transfer tubes. The 
gas pressuro drop minimizing tube is adapted to 
carry the working fluid In a gaseous phase either 
as an inlet, when the heat transfer assembly is 

40 utilized as a condenser, or as an outlet, when the 
heat transfer assembly is utilized as an evaporator. 
A member connect ^e pressure drop minimizing 
tube at one end to at least one of the heat transfer 
tubes for either transfening gaseous working fluid 

45 from the pressure drop minimizing tube to the heat 
transfer tubes for condensation to a liquid, when 
the assembly Is utilized as a condenser, or trans- 
fem'ng gaseous working fluid from said heat trans- 
fer tubes to the pressure drop minimizing tube. 

so when said assembly is utilized as an evaporator. A 
plurality of retom bend tubes connect the heat 
transfer tubes fo oi^'e another to carry the working 
fluid through the assembly. 

The assembly preferably utilizes straight heat 
. transfer tubes between the headers which are cir- 
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cular and have substantially the same Interior 
cross-sectional area, and Includes the pressure 
drop minimizing tube within the heat transfer tube 
an-ay and within the fin pattern Imposed upon the 
heat transfer tubes. 



Brief Description of the Drawings 



Rg, 1 is a front elevation view of the present 
invention, without the cooling fins, utilized as an 
automotive condenser. 

Rg. 2 is a detailed view of a portion of the front 
of the condenser of Rg. 1 showing the fin array 
on the condenser tubes. 

Rg. 3 is a side elevation view of the condenser 
of Rg. 1 mounted in front of an automotive 
engine radiator. 

Rg. 4 is a side schematic view showing the 
woricing fltUd circuit through the condenser of 
Rg. 3. 

Rg. 5 is a side schematic view showing the 
circuit of a working fluid through an automotive 
evaporator constructed according to the present 
invention. 

Detailed Description of the Invention 



The components of the present invention are 
preferably made of lightweight, thenmally conduc- 
tive material such as aluminum, although it should 
be noted that the high thermal efficiency and other 
advantages of the present Invention, as compared 
to the prior art, are due primarily to Its novel 
features and configuration. Other metals and alloys 
may also be used, for exiample, copper, brass and 
stainless steel, depending on the application. The 
components are joined In a conventional manner 
such as by welding, brazing, soldering or the like. 
Among the various drawings descrik^d below, like 
numerals Identify like features of the Invention. 

In Rgs. 1 and 2, there are shown views of the 
front of the present invention in an embodiment for 
use as an automotive air conditioner condenser. As* 
shown in Rg. 1. without the cooling fins Installed, 
condenser 10 comprises a series of straight, cir- 
cular cross-sectioned heal transfer tubes 12 ex- 
tending horizontally and parallel between spaced 
vertical headers 14 and 16. Header support mem- 
bers 28 on either side of the condenser 10 receive 
the ends of condenser tubes 12. Headers 14 and 
16 Include header return bend tubes 18, 20 and 21 
which connect the various tubes 12 and transfer 
the working fluid. In this case, a conventional dual- 
phase refrigerant, from one tube to the next. Inlet 
tube 22 and outlet tube 24 provide fluid connection 
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between the condenser 10 and other components 
(not shown) of the automotive air conditioner unit 
through free ends 22' and 24'. respectively. 

All refrigerant enters condenser 10 through in- 

5 let end 22' and passes through the entire length of 
the corresponding condenser inlet tube 22 where- 
upon it is split into two separate fluid circuits by an 
"M" shaped return bend tube connecting member 
or pod 20 which has one inlet 23 and two outlets 

10 19 (Rg. 2). "U" shaped return bend tubes 18, each 
^having one Inlet and one outlet, direct the refriger- 
ant flow in each circuit from one tube 12 to the 
next, as shown In Rgs. 1 and 2. In the embodiment 
shown, the tube rows are staggered between the 

75 front and rear of the condenser. Except at the top 
and bottom, the header tubes connect front tubes 
to front tubes and rear tubes to rear tubes. The two 
separate fluid circuits are reunited from separate 
heat transfer tubes 12 by an "M" shaped return 

20 bend tube member or pod 21 which has two Inlets 
and one outlet. The combined flow of working fluid 
is directed through outlet tube 24 and out through 
end 24 to the other portions of the air conditioner 
unit (not shown). 

25 As shown in the detail of Rg. 2, an array of 

Individual fin units 30 are shown arranged in a 
parallel fashion with the plane of each fin being 
vertically aligned perpendicular to the face of the 
condenser 10 and parallel to the direction of air 

30 flow therethrough. The fins 30 extend in an array 
and cover the entire core area of the condenser 
between the header supports 28. To achieve the 
desired convective cooling efficiencies, the fins 30 
are fitted tightly over tubes 12, 22 and 24 or are 

35 otherwise bonded thereto in a manner which pro- 
motes conductive heat transfer between the tubes 
and the fins. Each fin 30 extends essentially com- 
pletely across the depth of the condenser 10 to 
maximize contact with the air flowing through the 

40 unit. 

A side view of the condenser 10 of Rgs. 1 and 
2 is shown positioned in front of an automobile 
radiator 26 in a typical configuration. Air flow is 
shown In the direction of the arrows in Rg. 3. 

45 In the condenser embodiment depicted in Figs. 
1, 2, and 3, the working fluid typically enters a 
condenser 10 in a gaseous phase, having absorbed 
the heat from the passenger or other portion of a 
vehicle through an evaporative-type unit. To reduce 

50 the pressure drop of the incoming gaseous refriger- 
ant, and to minimize the reduction of saturation 
temperature thereof, Inlet tube 22, along with asso- 
ciated tube ends 22' and h eader tube inle L23, 
have an Internal cross-sectional area which IsTinl- 

55 form and sized slgRificantiy larger than the cross- 
sectional area of the Individual heat-transfer tubes 
12 and outlet tube 24 in the circuits which they 
feed. Preferably, the internal cross sectional area of 
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the entire pressure drop mlnfmizlng tube 22', 22 
^§gi-^Lis at least about 10% larger, and more" 
preferably at least about 15% larger, than the inter- 
nal cross sectional area of the remaining tubes in 
the assembly. These remaining tubes 12, 18, 19. 
21 and 24 all have approximately the same Internal 
diameter and cross sectional area. 

The provision of a larger Internal cross-section 
in pressure drop minimizing -tube 22 reduces the 
pressure drop which would otherwise be exper- 
ienced in a heat transfer assembly utilizing an inlet 
tube having the same size as other tubes 12, 18 
and 24. without elaborate manifolding or other com- 
plexities. Also, in accordance with the preferred 
embodiment of the present Invention, the pressure 
drop minimizing tube 22 lies within the general 
pattern of tubes 12 and fins 30. In a typical applica- 
tion as shown In Rgs. 1-3. heat transfer tubes 12, 
including tube 24 and end 24', have a diameter of 
0.275 in. and a wall thickness of 0.025 in. Inlet tube 
22, along with tube end 22' and "M" pod inlet 23 
would have a diameter of 0.375 in. and a wall 
thickness of 0.032 in., and is approximately 90% 
larger in interior cross sectional area. 

In Rg. 4 there is shown an end-wise "circuit 
diagram" of the flow path of working fluid through 
the various heat transfer tubes and header tubes 
described in connections with Rgs. 1-3. Heal trans- 
fer tubes 12, inlet tube 22 and outlet tube 24 are 
shown In cross section. The location of the con- 
necting header tubes are shown connecting tubes 
12, 22 and 24 in either solid line, to depict the 
header tubes on the near side of the condenser 10, 
or dashed lines, to depict the header tubes on the 
far side of the condenser 10, These connecting 
header tubes are Identified by adding the letter "a" 
to those tubes on the near side (e.g. T8a) and the 
letter -b" to the header tubes on the far side (e.g. 
1 8b) of condenser 1 0. 

A side schematic of a "circuit diagram" of a 
preferred embodiment of the present Invention as 
utilized In an automotWe type evaporator Is shown 
In Rg. 5. In this embodiment, the evaporator struc- 
ture Is basically the same as that of tile condenser, 
except that the Inlet and outlets are reversed and 
the configuration of the header tubes Includes more 
rows from front to back. Evaporator 32 includes a 
plurality of parallel circular cross-section heat trans- 
fer tubes 34 extending in five staggered rows (front 
to back) between headers (not shown). Parallel inlet 
tube 33 serves to introduce condensed, liquid re- 
frigerant through Its near end (as seen In Rg. 5) 
and has the same size and cross-sectional area as 
the otfier heat transfer tubes 34. Inlet tube 33 Is 
connected at the far end of condenser 32 (as seen 
in Rg. 5) by a tripod-type connecting header tube 
36b to two other heat transfer tubes 34. The work- 
ing fluid, which is divided into two separate circuits. 
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then passes through the various heat transfer tubes 
and similar sized "U" shaped connecting header 
tubes 38a (shown as solid lines connecting header 
tubes 34) at the near end of evaporator 32 or by 
"U" shaped connector tubes 38b (shown as 
dashed lines connecting heat transfer tubes 34) at 
the far end of evaporator 32. 

After passing through the various heat transfer" 
tubes 34 and headers 38, the two separate fluid 
circuits are reunited with the refrigerant in a par- 
tially or fully gaseous phase, and exit evaporator 32 
the near end of outiet tube 39. In accordance with^ 
the present invention, parallel, circular outlet tube"* 
39 is a pressure drop minimizing tube of uniform 
and significantiy larger interior cross-sectional area 
tiian the remaining heat transfer tubes 34. A tripod- - 
type, three-legged connecting header tube 35b 
joins the working fluid from two separate heat 
transfer tubes 34 at tiie far end of evaporator 32 
Into a single stream which then passes through 
pressure drop minimizing tube 39 and out of the| 
evaporator at the near end. In the two-circuit em-| 
bodiment shown, evaporator outlet tube 39 has ani 
approximately 15% larger cross-sectional area than! 
tiie remaining tubes 33 and 34. As in the conJ 
denser embodiment shown in Rgs. 1-4. outiet tube 
39 serves to reduce _Jm_prj^s ure drop of th e 
gaseous refrigerant passing therethroug h and 
thereby minimizing the reduction of temperature 
30 potential available to absorb heat from the air 
stream passing over the exterior of tiie heat ex- 
changer. 

As with the condenser embodiment^ the evap- 
orator 32 has a staggered tube configuration, as 

3S seen from the front (with five (5) rows of tubes 
instead of two), and has a cooling fin array Im- 
posed over the tubes 33, 34. and 39. By Incor- 
porating the pressure drop minimizing tube 39 in 
the fin and heat transfer tube pattern within the 

40 working portion of the heat exchanger, consider- 
able complexity in manifolding is eliminated, there- 
by Improving assembly reiiabillty and lowering 
cost 

the evaporator embodiment depicted In Rg. 6, 
45 when utilized with, an outiet tube size of 5/8 In. 
diameter and remaining tube size of 1/2 in, diam- 
eter, has shown considerably increased heat trans- 
. fer over a similar evaporator utilizing an outiet tube 
having the same diameter as the remaining tubes. 
so In a typical automotive evaporator assembly, the 
increase has been shown to be approximately 
3,000 BTUs per hour. 

Thus the present Invention may be utilized in 
either a condenser inode where a partially or fully 
55 gaseous working fluid is being . condensed to a 
liquid, or in an evaporative mode where a liquid 
working fluid is partially or fully vaporized to a gas. 
In either case, thet primary tube of the heat ex- 
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changer carrying the partially or fully gaseous 
phase either into or out of the unit Is of significantly 
larger cross-sectional area than the majority of the 
remaining tubes of the unit. 

While this invention has been described with 
reference to specific embodiments, it will be recog- 
nized by those skilled in the art that variations are 
possible without departing from the spirit and 
scope of the invention, and that it is intended to 
cover all changes and modifications of the inven- 
tion disclosed herein for the purpose of illustration 
which do not constitute departure from the spirit 
and scope of the invention. 



Claims 

1 . A heat exchanger assembly comprising: 
a pair of header members; 

a plurality of heat transfer tubes extending between 
said header members, said tubes adapted to trans- 
fer heat between the exterior of said tubes and a 
working fluid in liquid or gaseous phase within said 
tubes; 

a pressure drop minimizing tube extending t>e- 
tween said headers, said pressure drop minimizing 
tube having a cross sectional area larger than s^d 
heat transfer tubes and adapted to carry said worth- 
ing fluid in a gaseous phase either as an inlet, 
when said heat transfer assembly Is utilized as a 
condenser, or as an outlet, when said heat transfer 
assembly is utilized as an evaporator; and 
a iube member connecting said minimizing tube at 
one end to at least one of said heat transfer tubes 
for either transferring a gaseous worlcing fluid from 
said pressure drop minimizing tube to said heat 
transfer tubes for condensation to a liquid, when 
said assembly is utilized as a condenser, or trans- 
fem'ng gaseous worl<ing fluid from said heat trans- 
fer tubes to said pressure drop minimizing tubes 
when said assembly Is utilized as an evaporator; 
and 

a plurality of header tubes connecting said heat 
transfer tubes to can-y said working fluid. 

2. The assembly of claim 1 wherein said heat 
transfer tubes and said header tubes are of sub- 
stantially the same cross sectional area, 

3. The assembly of claim 2 wherein said heat 
transfer tubes include an outlet or inlet tube, when 
said assembly is utilized as a condenser or an 
evaporator, respectively, connected at one end to 
at least one other heat transfer tubes and having 
substantially the same cross sectional area as the 
other heat transfer tubes. 

4. The assembly of claim 3 wherein said heat 
transfer tubes, other than said inlet or outlet tube, 
are each connected at at least one end by said 
header tubes to only one of* said other heat transfer 
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tubes. 

5. The assembly of claim 4 wherein said assembly 
is utilized as a condenser and has a working fluid 
circuit pattern connecting said outiet heat transfer 

5 tube, said other heat transfer tubes, and said, mini- 
mizing tube substantially as shown in Fig. 4. 

6. The assembly of claim 4 wherein said assembly 
is utilized as an evaporator and has a working fluid 
circuit pattern connecting said outlet heat transfer 

10 tube, said other heat transfer tubes, and said mini- 
mizing tube substantially as shown in Rg. 5. 

7. The assembly of claim 2 further including a 
convective cooling fin pattern imposed over said 
heat transfer tubes and said minimizing tube. 

76 8. The assembly of Claim 1 wherein said connect- 
ing member connects said pressure drop minimiz- 
ing tube to at least two of said heat transfer tubes. 

9. The assembly of claim 2 wherein the minimizing 
tube cross sectional area is at least 10% larger 

20 than the internal cross sectional area of the remain- 
ing heat transfer tubes connected by said connect- 
ing member. 

10. The assembly of claim 3 wherein said minimiz- 
ing tube and said outlet or inlet heat transfer tube 

25 have free ends extending from the same header 
member for connecting said assembly to a working 
system. 

11. The assembly of claim 3 wherein said assem- 
bly is a condenser. 

30 12. The assembly of claim 3 wherein said assem- 
bly is an evaporator. 

13. A heat exchanger assembly comprising: 
a pair of header members; 

a plurality of heat transfer tubes of substantially the 
35 same interior cross-sectional area extending be- 
tween said header members and forming an array; 
a plurality of convective cooling fins forming an 
array over said heat transfer tubes, saJd heat trans- 
fer tubes and fins adapted to transfer heat between 
40 the exterior of said tubes and fins and a working 
fluid In a gaseous or liquid phase within said tubes; 
and 

a pressure drop minimizing tube extending be- 
tween said header members and within said heat 

45 transfer tube and fin arrays, said pressure drop 
minimizing tube having an interior cross-sectional 
are significantly larger than said heat transfer tubes 
and adapted to carry said working fluid In a gas- 
eous phase either as an Inlet, when said heat 

50 transfer assembly is utilized as a condenser, or as 
an outlet, when said heat transfer assembly is 
utilized as an evaporator. 

14. The assembly of claim 13 further Including a 
tube member connecting said pressure drop mlnl- 

55 mizing tube at one 'end to at least two of said heat 
transfer tubes for either transferring gaseous work- 
ing fluid from said pressure drop minimizing tube 
to said heat transfer tubes for condensation to a 
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liquid after said assembiy is utilized as a con- 
denser, or transferring gaseous worl<ing fiuid from 
said Ineat transfer tubes to said pressure drop mini- 
mizing tube, when said assembly is utilized as an 
evaporator. 5 

15. The assembly of claim 14 wlierein said heat 
transfer tubes include an outlet or inlet tube, when 
said assembly is utilized as a condenser or an 
evaporator, respectively, connected at one end to 

at least one other heat transfer tubes and having io 
substantially the same diameter as the other heat 
transfer tubes. 

16. The assembly of claim 15 further Including a 
plurality of header tubes connecting the ends of 
said heat transfer tubes to carry said working fluid. 75 

17. The assembly of claim 15 wherein said heat 
transfer tubes* other than said Inlet or outlet tube, 
are each connected at at least one end by said 
header tubes to only one of said other heat transfer 
tubes. 20 

18. The assembly of claim 15 wherein said pres- 
sure drop minimizing tube and said outiet or inlet 
heat transfer tube have free ends extending from 
the same header member for connecting ssdd as- 
sembly to a working system. 25 

19. The assembly of claim 18 wherein said assem- 
bly is a condenser. * 

20. The assembly of claim 18 wherein said assem- 
bly is an evaporator. 

30 
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0 MulUple tube diameter heat exchanger circuit 

@ A heat exchanger assembly comprises a pair of 
header members (14.16) and a plurality of heat 
transfer tubes (12) passing between the headers 
members (14,16). The heat transfer tubes (12) are 
adapted to transfer heat between fins (30) on the 
exterior of the tubes (12) and a working fluid In liquid 
or gaseous phase within the tubes (12). A pressure 
drop minimizing tube (22,24) passes between the 
headers (14,16) and has a cross sectional area sig- 
nificantiy larger than the heat transfer tubes (12). 
The pressure drop minimizing tube is adapted to 
cany the working fluid !n a gaseous phase either as 
an Inlet (22), when the heat transfer assembly Is 
utilized as a condenser, or as an outlet (24), when 
the heat transfer assembly is utilized as an evapora- 
tor. A member (20,21) connects the pressure drop 
minimizing tube (22) at one end to at least two of the 
heat transfer tubes (12) for condensation to a liquid, 
when the assembly is utilized as a condenser, or 
transfen-lng gaseous working fluid from the heat 
transfer tubes (12) to the pressure drop minimizing 
tubes (24). when the assembly is utilized as an 
evaporator. A plurality of header tubes (18) connect 
the heat transfer tubes (12) to one another to carry 
the working fluid through the assembly. The pres- 
sure drop minimizing tube (22, 24) is preferably 
within the heat transfer tube array and within the fin 
pattern imposed on the heat transfer tubes (12). 
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